In this article an analytical solution of the problem of scattering of electromagnetic waves on bi-isotropic spherical shell has been presented. Secondary electromagnetic fields are introduced as a superposition of spherical vector wave functions. The solution of the boundary problem is reduced to solving a system of linear algebraic equations for the coefficients which are included in the presentation of the secondary fields. The formula to calculate the directional diagram of electric field in the far field and numerical results for different values of parameters have been obtained. The results may find practical application in the development and design of electromagnetic screens.
Introduction
Within electrodynamics the interest to the study of complex electromagnetic medium has increased in the mid-80s of the XX century. The chiral medium is an example of such a medium that is a set of conductive mirror-asymmetric microelements in the isotropic magnetoelectric medium. In [1] [2] [3] the detailed classification of chiral media is described. Bi-isotropic media are a generalization of chiral media. Besides chirality, these media also have the property of non-reciprocity [4] [5] [6] .
The interest to the study of the scattering of electromagnetic waves on biisotropic media is due to the ability of these media to both enhance and absorb electromagnetic fields [8] [9] [10] .
We will consider a few scientific works related to this topic. In [11] the study of the chirality influence of the medium on the electric dipole electromag-netic field is presented. An analytical solution of the diffraction problem of a plane electromagnetic wave on the bi-isotropic ball is proposed in [12, 13] . An analytical solution of the plane electromagnetic wave diffraction problem on the plane composite layer was considered in [14] . In [15] the electromagnetic fields penetration of electric and magnetic dipoles through plane bi-isotropic layer is described. The electromagnetic waves reflection from the plane chiral structures is studied in [16, 17] . In [18] a problem of the plane electromagnetic wave scattering on a metal cylinder covered with a chiral layer is solved using the partialarea method.
In this work an analytical axisymmetric solution of the scattering electromagnetic field of the electric and magnetic dipoles on the bi-isotropic spherical shell problem has been built. The computational experiment with some geometric parameters of the problem and different electromagnetic parameters of a biisotropic material spherical shell has been conducted.
Problem formulation
Let the whole space R 3 be divided by two spheres S1 and S2 into three areas D0, D1, D2 ( fig. 1 ). The two areas D0, D2 are filled with homogeneous isotropic medium with a permittivity ε0 and magnetic permeability µ0, area D1 is filled with homogeneous bi-isotropic medium, which is characterized by the material parameters ε, µ, G, Z. The inner radius of the spherical area is equal a1 and the outer radius is equal a2. The point O1 is the source of the electromagnetic field consisting of both electric and magnetic dipoles. The distance between the points O, O1 is denoted by h. We assume that on the two surfaces S1, S2 there are no surface currents and charges.
Let denote strength vectors of electric and magnetic fields of the initial electromagnetic field as d d E , H . As a result of the interaction of the initial electromagnetic field with the bi-isotropic spherical shell D1 secondary fields are being formed. Let 0 0 E , H be the secondary field in the area of D0; 1 1 E , H be the secondary field in the area D1; 2 2 E , H be the secondary field in the area D2. The real electromagnetic fields are determined by the formulas: , j=0, 1, 2; i is an imaginary unit.
The secondary electromagnetic fields should be defined
and the radiation condition at infinity [19] 2 0 2 r E lim r ik E 0 r
where 0 0 0 k = ω ε µ is a wave number.
Presentation of problem solution
The initial electromagnetic field d d E , H will be presented through the wave vector spherical functions [20, 21] :
where
E , E are the definite constants,
n n 1 n r, , k h kr P cos e g kr P cos e , kr m r, , k h kr P cos e ,
( ) n P x are the Legendre polynomials,
( )
1 n h x are the spherical Hankel functions of the first kind [22] .
The secondary electromagnetic field in the area of D0 will be presented as a superposition of vector spherical wave functions which satisfies equations (1):
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n n r n n 1 0n n n n n n 1 n 1 n n 1 n r, , k j kr P cos e g kr P cos e , kr m r, , k j kr P cos e ,
0 0 E , H are the definite constants, ( ) n j x are the spherical Bessel functions of the first kind [22] .
The secondary electromagnetic field in the area of D2 will be presented as a superposition of vector spherical wave functions, which satisfies the equations (2) and at infinity the condition (5):
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The secondary electromagnetic field in the area of D1 will be expressed as a superposition of spherical vector wave functions in the composite media [21] , which satisfies the equations (2):
where 
The unknown coefficients in the presentation of the secondary fields will be determined from the boundary conditions. 
Fulfilment of boundary conditions
Taking into account (8) , (10)- (13), (18), (19) and the condition of orthogonality of the associated Legendre functions on the interval [0, ] π the boundary conditions (3), (4) will become:
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Far field
Using the asymptotic expression for the functions 
we obtain the asymptotic representation of the electric vector 2
where ( )
n n 1 2 1 1 1 1 n n 2 n n n 1 n 1 e e , i P cos d , i P cos d .
The curve ( ) ( ) 2 D θ = Ψ θ is a direction diagram of an electric field and characterizes the magnitude of the electromagnetic energy in the direction of θ: 
Conclusions
The paper developed analytical algorithm for solving an axisymmetric problem of diffraction of electromagnetic field of electric and magnetic dipoles on the bi-isotropic spherical shell. The solution of the problem is reduced to solving a system of linear algebraic equations. The developed method can find practical application in the development and design of electromagnetic screens. The shielding of electromagnetic fields, as a basis for environmental security, allows to complete the following tasks -protection of information leakage through technical channels; electromagnetic compatibility of equipment and devices when they are used together; people protection from the increased level of electromagnetic fields and creation of a favorable environment around operating electric and microwave devices.
